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Descrfptlon 

[0001 ] The present invention relates to devices for re- 
pairing aneurysms, and more particularly, to percutane- 
ously and/or intraluminally delivered devices for repair- 
ing aneurysms, such as abdominal aortb aneurysms 
and thoracic aortic aneurysms. 
[0002] An aneurysm is an abnormal dilation of a layer 
or layers of an arterial wall, usually caused by a systemic 
collagen synthetic or structural defect. An abdominal 
aortic aneurysm is an aneurysm in the abdominal por- 
tion of the aorta, usually located in or near one or both 
of the two iliac arteries or near the renal arteries. The 
aneurysm often arises in the infrarenal portion of the dis- 
eased aorta, for example, below the kidneys. A thoradc 
aortic aneurysm is an aneurysm in the thoracic portion 
of the aorta. When left untreated, the aneurysm may 
rupture, usually causing rapid fatal haemorrhaglng. 
[0003] Aneurysms may be classified or typed by their 
position as well as by the number of aneurysms in a dus> 
ter. TypicalJy, abdominal aortic aneurysms may be clas- 
sified into five types. A Type I aneurysm Is a single di- 
lation located between the renal arteries and the iliac 
arteries. Typically, in a Type ) aneurysm, the aorta is 
healthy between the renal arteries and the aneurysm 
and between the aneurysm and the aiac arteries. 
[0004] A Type 1 1 A aneurysm is a single dilation locat- 
ed between the renal arteries and the iliac arteries. In a 
Type II A aneurysm, the aorta is healthy between the 
renal arteries and the aneurysm, but not healthy be- 
tween the aneurysm and the iliac arteries. In other 
words, the dilation extends to the aortic bifurcation. A 
Type II B aneurysm comprises three dilations. One di- 
lation is located between the renal arteries and the iliac 
arteries. Like a Type II A aneurysm, the aorta is healthy 
between the aneurysm and the renal arteries, but not 
healthy between the aneurysm and the iliac arteries. 
The other two dilations are located in the iliac arteries 
between the aortic bifurcation and the bifurcations be- 
tween the external iliacs and the internal lilacs. The iliac 
arteries are healthy between the iliac bifurcatton and the 
aneurysms. A Type II C aneurysm also comprises three 
dilations. However, In a Type II C aneurysm, the dilations 
in the iliac arteries extend to the Iliac bifurcation. 
[0005] A Type HI aneurysm Is a single dilation located 
between the renal arteries and the iliac arteries. In a 
Type Hi aneurysm, the aorta is not healthy between the 
renal arteries and the aneurysm. In other words, the di- 
lation extends to the renal arteries. 
[0006] A mptured abdominal aortic aneurysm is pres- 
ently the thirteenth leading cause of death in the United 
States. The routine management of abdominal aortic 
aneurysms has been surgical bypass, with the place- 
ment of a graft in the Involved or dilated segment. Al- 
though resection with a synthetic graft via transperito- 
neal or retroperitoneal procedure has been the standard 
treatment, it is associated with significant risk. For ex- 
ample, complications include perioperative myocardial 



ischemia, renal failure, erectile impotence, Intestinal 
ischemia, Infection, lower limb Ischemia, spinal cord (n- 
jury with paralysis, aorta-enteric fistula, and death. Sur- 
gical treatment of abdominal aortic aneurysms is asso- 

5 elated with an overall mortality rate of five percent in 
asymptomatic patients, sixteen to nineteen percent in 
symptomatic patients, and is as high as fifty percent in 
patients with ruptured abdominal aortic aneurysms. 
[0007] Disadvantages associated with conventional 

10 surgery, In addition to the high mortality rate, Include an 
extended recovery period associated with the large sur- 
gical Incision and the opening of the abdominal cavity, 
difficulties in suturing the graft to the aorta, the loss of 
the existing thrombosis to support and reinforce the 

IS graft, the unsultabllity of the surgery tor many patients 
having abdominal aortic aneurysms, and the problems 
associated with performing the surgery on an emergen- 
cy basis after the aneurysm has ruptured. Further, the 
typical recovery period is from one to two weeks in the 

20 hospital and a convalescence period at home from two 
to three months or more, if complications ensue. Since 
many patients having abdominal aortic aneurysms have 
other chronic illnesses, such as heart, lung, liver and/or 
kidney disease, coupled with the fact that many of these 

25 patients are older, they are less than ideal candidates 
for surgery. 

[0008] The occun'ence of aneurysms is not confined 
to the abdominal region. While abdominal aortic aneu- 
rysms are generally the most common; aneurysms In 
30 other regions of the aorta or one of its branches are pos- 
sible. For example, aneurysms may occur in thethoractc 
aorta. As is the case with abdominal aortic aneurysms, 
the widely accepted approach to treating an aneurysm 
In the thoracic aorta Is surgical repair, Involving replac- 
es ing the aneurysmal segment with a proslhetk: device. 
This surgery, as described above, is a major undertak- 
ing, with associated high risks and wltti significant mor- 
tality and nrwrbidlty. 

[0009] Over the past Tive years, there has been a 

40 great deal of research directed at developing less inva- 
sive, endovascular, I.e. catheter directed, techniques for 
the treatment of aneurysms, specifically abdominal aor- 
tic aneurysms. This has been facilitated by the develop- 
ment of vascular stents, which can and have been used 

^ in conjunction with standard or thin-wall graft material in 
order to create a stent-graft or endograft. The potential 
advantages of less Invasive treatments have Included 
reduced surgical mori^idity and mortality along with 
shorter hospital and Intensive care unit stays. 

so [0010] Stent-grafls or endoprostheses are now FDA 
approved and commercially available. Their delivery 
procedure typically involves advanced angiographic 
techniques performed through vascular accesses 
gained via surgical cutdown of a remote artery, which 

55 may include the common femoral or brachial arteries. 
Over a guldewire, the appropriate size Introducer will be 
placed. The catheter and guidewire are passed through 
the aneurysm. Through the Introducer, the stent-graft 
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will be advanced to the appropriate position. Typical de- 
ployment of the stent-gratt device requires withdrawal 
of an outer sheath while maintaining the position of the 
stcnt-graft with an inner-stabilizing device. H^ost stent- 
grafts are self -expanding; however, an additional angi- 
oplasty procedure, e.g., balloon angioplasty, may be re- 
quired to secure the position of the stent-graft. Following 
the placement of the stent-graft, standard angfographic 
views may be obtained. 

[0011] Due to the large diameter of the above-de- 
scribed devices, typically greater than twenty French 
(3F=1 mm), arterlotomy closure typically requires open 
surgical repair. Some procedures may require additional 
surgical techniques, such as hypogastric artery embol- 
ization, vessel ligation, or surgical bypass, in order to 
adequately treat the aneurysm or to maintain flow to 
both lower extremities. Likewise, some procedures will 
require additional, advanced catheter directed tech- 
niques, such as angioplasty, stent placement, and em- 
bolization, In order to successfully exclude the anau- 
lysm and efficiently manage leaks. 
[0012] While the above-described endoprostheses 
represent a significant Improvement over conventional 
surgical techniques, there Is a need to improve the en- 
doprostheses, their method of use and their applicability 
to varied biological conditions. Accordingly, In order to 
provide a safe and effective alternate means for treating 
aneurysms, including abdominal aortic aneurysms and 
thoracic aortic aneuiysms. a number of difficulties asso- 
ciated with cun^ently known endoprostheses and their 
delivery systems must be overcome. One concern with 
the use of endoprostheses Is the prevention of endo- 
ieaks and the disruption of the normal fluid dynamics of 
the vasculature. Devices using any technology should 
preferably be simple to position and reposition as nec- 
essary, should preferably provide an acute, fluid tight 
seal, and should preferably be anchored to prevent mi- 
gration without interfering with normal blood flow In both 
the aneurysmal vessel as well as branching vessels. In 
addition, devices using the technology should prefera- 
bly be able to ba anchored, sealed, and maintained in 
bifurcated vessels, tortuous vessels, highly angulated 
vessels, partially cfiseased vessels, calcified vessels, 
odd shaped vessels, short vessels, and long vessels. In 
order to accomplish this, the endoprostheses should 
preferably be extendible and re-configurable while 
maintaining acute and long term fluid tight seals and an- 
choring positions. 

[0013] The endoprostheses should also preferably be 
able to bo delivered percutaneously utilizing catheters, 
guidewires and other devices which substantially elimi- 
nate the need tor open surgical intervention. According- 
ly, the.diameter of the endoprostheses in the catheter Is 
an important factor. This is especially true for aneurysms 
In the larger vessels, such as the thoracic aorta. 
[0014] The extension prosthesis of the present inven- 
tion provides a means for anchoring and/or sealing an 
extension prosthesis In another by-pass prosthesis as 



briefly described above. 

(0015] The present invention is directed to a system 
including at least one prosthesis for repair or replace- 
ment of a mammalian body part or condition. The typical 

s system indudes a first prosthesis for sealing the system 
within a predetermined portion of an artery; at least one 
second prosthesis engaged to the first prosthesis, said 
second prosthesis providing a fluid flow path through the 
system or a portion of the system; and a third or exten- 

10 slon prosthesis for extending a fluid flow path through 
the system or a portion of the system. In some embod- 
iments of the invention, the second prosthesis is seal- 
Ingly and/or matlngfy engaged with the first prosthesis. 
In some embodiments of the invention, the extension 

15 prosthesis extends the fluid flow path formed by the sec- 
ond prosthesis. In some embodiments of the Invention, 
the extension prosthesis is sealingly and/or matingly en- 
gaged with the second prosthesis. 
[001 6] A typical first prosthesis includes a support or 

20 stent stmcture, and a foam or gasket material supported 
by the stent, the stent and gasket material being config- 
ured to seal the system within an artery. A typical first 
prosthesis also Includes one or more structures or ele- 
ments for engaging the second prosthesis. In preferred 

2-5 embodiments of the invention, these elements or struc- 
tures sealingly and/or matingly engage the second pros- 
thesis. The stent is typically a synthetic or natural matrix 
for supporting the gasket matertal. In some exemplary 
embodiments of the stent, the stent is a hollow, substan- 

30 tially cylindrical, and preferably radially expan dable ma- 
trix having a lumen and two open ends. The typical gas- 
ket material Is a synthetic or natural fabric, tissue, foam, 
or the like. In preferred embodiments of the invention, 
the gasket material covers at least a portion of the lu- 

35 rnen, even more preferably, the proximal end of the lu- 
men. 

[0017] A typical second and third prosthesis indudes 
a support or stent structure, and graft material supported 
by the stent, the stent and graft material defining a fluid 

40 flow path therethrough. The typical graft material is a 
synthetic or natural fabric, tissue, or the like. The stent 
Is typically a synthetic or natural matrix for supporting 
the graft and/or positioning the prosthesis In a pre-de- 
lermined position. In some exemplary embodiments of 

45 the stent, the stent Is a hollow, substantially cylindrical, 
and preferably radially expandable matrix having a lu- 
men and two open ends. The stent typically comprises 
a plurality of interconnected stmts. In some exemplary 
embodiments of the invention, a graft matenai may be 

so positioned on an inside and/or outside surface of the 
matrix; in prefen-ed embodiments of the invention, the 
graft material may Include a plurality of substantially lon- 
gitudinally directed pleats disposed thereon. In a partic- 
ularly preferred embodiment, the graft further includes 

55 a plurality of radially oriented pleat Inten-upllons. In 
some exemplary embodiments of the invention the graft 
material may be attached to the stent, preferably by one 
or more staples or the like. 
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[001 8] In some exemplary embodiments of the Inven- 
tion, one prosthesis may be connected to another using 
a suture or rivet having a knob or sphere on at least one 
of its ends. For example, a suture or rivet may Include 
one ormore legs having a tip configured into a knot, ball, s 
knob, sphere or the like. It is intended that such knob 
element should assume a lower profile than a conven- 
tional suture knot. II is believed that a lower profile con- 
nector assembly facilitates delivery of the prosthesis to 
Its Intended site. 

[0019] A system according to the present invention is 
intended for repairing or bypassing an aneurysm, pref- 
erably an aortic aneurysm. The system may also be 
used to direct fluid flow from one portion of a fluid path- 
way to another. 

[0020] The system and apparatus of the present in- 
vention provides a third prosthesis or extension pros- 
thesis. In practice, the internal diameter of an artery ef- 
fects the length of a second prosthesis that can be de- 
livered to the sight of Ihe aneurysm due to the device- 
foreshortening phenomenon. One skilled In the art vrill 
readily recognize that this effective length is different for 
each patient. In accordance with the present Invention, 
the third or extension prosthesis may be used or incor- 
porated into the system when the length of the second 
prosthesis is insufficient to bridge the portion of the ar- 
tery between the position of the first proslhesis-and an 
artery or arteries downstream of the aneurysm. 
[0021] The apparatuses, systems and kits of the 
present invention may be used In the treatment of aortic 
aneury«rns. preferably an abdominal aottic aneurysm, 
among other uses noted below. A better understanding 
of the present device and its use in treating abdominal 
aortic aneurysnis wilt be achieved by reading the follow- 
ing description in conjunction with the above-incorporat- 
ed references. 

[0022] The present invention is directed to a system 
for treating or repairing an aneurysm, the system com- 
prising a first prosthesis, a second prosthesis adapted 
to engage a portion of the first prosthesis, and a third or 
extension prosthesis adapted to engage the second 
prosthesis. In some embodiments of the invention, the 
second prosthesis engages a f»oximal portion of the 
fir^t prosthesis, in some embodiments of the invention, 
the third prosthesis engages the second prosthesis and 
extends distaily or downstream of the system; in some 
embodiments of the invention, the third prosthesis en- 
gages the second prosthesis and extends proximally or 
upstream of the system. In some embodiments of the 
invention, the system may include an extension pros- 
thesis that extends distaily and an extension prosthesis 
that extends proximally. 

[0023] A system according to the present invention in- 
cludes a bypass prosthesis and at least one extension 
prosthesis, the extension prosthesis being configured to 
matingly engage a portion of the bypass prosthesis. In 
prefered embodiments of the invention, the system also 
includes a first prosthesis configured to receive a portion 



of the bypass prosthesis. 

[0024] The present invention Is also directed to a sys- 
tem for repainng an aneurysm, said system being vari- 
ously configured and/or assembled using components 
described in more detail below. Typical systems accord- 
ing to this aspect of the inventkin may indude one or 
more first prostheses or a sealing component, one or 
more second prostheses or a fluid flow component, and, 
optionally, one or more component receptacles, assem- 
blies, or connectors for matingly engaging one compo- 
nent with another. Preferred embodiments of a system 
of the present invention Include a sealing component 
matingly engaged to two fluid flow path components. 
[0025] In preferred embodiments of the invention, the 
second prosthesis includes at least one first marker and 
the third prosthesis includes at least one second marker, 
the first marker and the second marker being positioned 
relative to the other to align the second prosthesis with 
the third prosthesis under fluoroscopy tn Vf\/o, 
[0026] The present invention is directed to an exten- 
sion prosthesis intended to matingly engage and extend 
or lengthen an existing prosthesis. In preten'ed embod- 
iments of the invention, the extension prosthesis ex- 
tends or lengthens a fluid flow path formed or defined 
by a second prosthesis. The extension prosthesis of the 
present invention preferably includes a stent having an 
inner and an outer surface, and having a graft material 
disposed on the inner surface, the outer surface, or com- 
binations thereof. In preferred embodiments of the in- 
vention, the extension prosthesis also includes one or 
more markers for positioning the extension prosthess 
in vivo in relation to another prosthesis in the system. 
The extension prosthesis may also include one or more 
connectors for matingly engaging another prosthesis, 
and/or in relation to its position in vivo. 
[0027] The present invention also includes an exten- 
sion prosthesis stapled to a first prosthesis in vivo. 
[0028] The present invention also includes an exten- 
sion prosthesis comprising a graft material supported by 
a stent, wherein the graft material is matingly engaged 
to the stent using one or more staple rfvets. As used 
herein, a staple rivet refers to a conventional staple hav- 
ing its ends fomied into a ball after the staple rivet pass- 
es through the stent and graft material. 
[0029] A method of delivering the device of the 
present invention comprises providing an extension 
prosthesis according to the invention, and matingly en- 
gaging the extension prosthesis with Ihe second pros- 
thesis in vivo. The method may also include delivering 
the extension prosthesis to the site of the aneurysm and/ 
or to the site of one or more other prostheses. In pre- 
ferred embodiments of the inventbn. the method in- 
cludes connecting a second prosthesis with an exten- 
sion prosthesis, and establishing a fluid flow path ther- 
ebetween. 

[0030] A method of delivering the device of the 
present Invention includes providing an extension or 
third prosthesis according to the invention, and matingly 
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engaging the extension prosthesis with the second 
prosthesis In vtvo. The method may also Include deliv- 
ering the extension prosthesis to the site of the aneu- 
rysm and/or a prosthesis of the system. In preferred em- 
bodiments of the invention, the method includes con- 
necting a second prosthesis with an extension prosthe- 
sis, and establishing a fluid flow path therebetween. 
[0031] The present invention is afso directed to a kit 
comprising one or more prostheses according to the in> 
vcntlon, preferably In a sterile or sterf Usable enclosure. 
[00321 A system or kit of the present invention may 
Include one or more modular components. As used 
herein, a modular component Is configured, or adapted 
to engage, or includes one or more structures that are 
intended to communicate with or engage a complemen- 
tary structure on another modular component. The 
present invention also includes a kit that includes one 
or more of the following: a sterile or stenllsable enclo- 
sure; a first prosthesis; a first prosthesis in an individual 
sterile enclosure; a second prosthesis; a second pros- 
thesis in an individual ster9e enclosure; a third prosthe- 
sis; a third prosthesis in an Individital sterile enclosure; 
at least one suture; at least one staple; a collar or cath- 
etertip assembly conf iguredto engage and deliver a first 
prosthesis, a second prosthesis, and/or a third prosthe- 
sis; end at least one marker configured for placement 
on a first prosthesis, a second prosthesis, a third pros- 
thesis, and/or portions thereof. 
[0033] Embodiments of the invention may further in- 
clude one ormore bypass prostheses configured to mat- 
ingly engage a first prosthesis, the bypass prosthesis 
comprising a graft material engaging a stent, the stent 
comprising a hollow matrix comprising a series of inter- 
connected struts, the matrix being moveable from a first 
closed position to a second open position; the stent hav- 
ing at least one attachment structure or connector for 
matingly engaging at least one second complementary 
structure on the first prosthesis. The prosthesis may in- 
clude at least one marker. In prefefred embodiments of 
the Invention, the marker or markers are positioned on 
or fomned as part of the stent. 

DEFINITIONS 

[0034] As used herein, aortic aneurysm refers to any 
failure of a conduit, such as an aortk; wedl, typically char- 
acterized by an undesirable dilation of a portion of the 
artery, vessel malformation, or an occlusion. An exem- 
plary use of a system and method of the present inven- 
tion is to repair an aortic aneurysm, and the use of such 
term is not intended to limit the use of the structures or 
systems of the present invention to repairer replace oth- 
er conduit failures. The system and structures of the 
present invention may be used to treat, repair, replace, 
or bypass any blood vessel (e.g., artery, vein, capillary); 
any fluid carrying vessel (e.g., lymphatic vessels); any 
organ or portion thereof that includes a blood or fluid 
vessel; or any junction between blood vessels, between 



tluid vessels, and between organs and blood vessels. 
In prefen'ed embodiments of the invention, the system 
and structures are used to treat, repair, replace, or by- 
pass an abdominal aortic aneurysm. 

s [0035] As used herein fluid pathv/ay refers to any in 
vivo structure through which a biological fluid passes. A 
preferred fluid pathway Is an artery. Fluid pathways in- 
clude, but are not limited to channels fonmed by an ar- 
tery, a vein, a capillary, lymph nodes and channels, and 

<o arteries, veins, and capillaries within an organ or or- 
ganelle. 

[0036] As used herein fluid or blologbal fluid refers to 
any fluid produced by an animal, Including a human. Ex- 
emplary biological fluids include but are not limited to 

IS blood, oxygenated blood, de-oxygenated blood, gastric 
fluids, amniotic fluid, cerebro spinal fluid, and lymph. 
The preferred fluid Is blood or oxygenated blood. 
[0037] As used herein, conduit typically refers to any 
structure used to convey a biological fluid. The conduit 

20 may be fomned of natural or synthetic materials or com- 
binations thereof. Exemplary conduits include but are 
not limited to an artery, a vein, a capillary, lymph nodes 
and channels, and arteries, veins, and capillaries within 
an organ or organelle. 

25 [0038] As used herein, "biof usion" refers to the ability 
of cells, proteins, fibrin, and other biological nrK)lecules 
to incorporate into the pore structure of a material, such 
as a foam or gasket nnaterial, or a graft material. It is 
believed that this feature promotes a k>ng tenm stable 

30 biological interface that cannot be separated about six 
weeks after Implantation. 

[0039] The bfofuslon effect has many advantages. It 
has the potential to obviate late endo-leakage by pre- 
venting areas of noivorganized clots from being dis- 

3s placed or recanalised. It is also believed that biofusion 
creates a connective tissue collar around the prosthesis 
that may prevent the aortic neck from dilating overtime. 
Restricting neck dilation avoids leakage pathways and 
implant migration that can be caused by an Insufficient 

40 fitwith the aorta. 

[0040] As used herein, adapted for communication, 
communicating, or similar terms refer to any means, 
structures, or methods for establishing an operational 
association between two elements of the system. Slm- 

45 ilariy, engaging, adapted to engage, or similar terms re- 
fer to means, structures, or methods forcontacting a first 
component, structure, or portion thereof with a second 
component, stmcture, or portion thereof. Exemplary 
structures are shown in the Figures. Typically, all of 

so these temns and phrases refer to at least one structure 
in or on a first component configured to engage a com- 
plementary stmcture in or on a second component, and 
the use of these inter-engaglng features to link a first 
prosthesis or component with a second prosthesis or 

55 component. The engagement or communication may be 
matingly (e.g., pennanent) and/or releasably (e.g.. tem- 
porary). In preferred embodiments of the invention, 
communication or engagement may be fluid tight, sub- 
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stantially fluid tight, or fluid tight to an extent so as to not 
substantially compromise the Intended function of the 
structure. 

[0041] For example, a connector may be adapted to 
receiveorconnectto acomplementary connector on an- 5 
other prosthesis. As used herein, connector refers to 
any structure used to form a joint or to join itself to an- 
other component or portion thereof. These connectors 
or connections establish a fluid flow path through vari- 
ous elements of the apparatus, assembly, or system. In 
a prefenred embodiment of the invention, the system is 
intended to establish at least one fluid flow path through 
a vessel, conduit, organ, or portions thereof. Typical 
connections include but are not limited to mating con- 
nections, such as Luer-type, screw-type, frtction-lype, 
or connectors that are bonded together. 
[0042] As used herein, distal is used in accordance 
with its ordinary dlcSonaiy definition. e.g., referring to a 
position farthest from the beginning; in human anatomy, 
this tenn is commonly equh/alent to caudal or inferior. 
Proximal is used In accordance with its ordinary diction* 
ary definition, e.g.. referring to a position nearest the be- 
ginning; In human anatomy, this term is commonly 
equivalent to cranial or superior. The ternis distal and 
proximal are intended to convey opposite ends or por- 
tions of a device, channel, element, or structure. In re- 
lation to a fluid flow path, distal will typtcalty refer to a 
downstream location In the fluid flow path, and proximal 
will typically refer to an upstream location, unless other- 
wise speciHcalty noted. Anatomically, distal generally re- 
fers to "away from the heart" and proxbnat generally re- 
fers to 'loward the hearT. 

[0043] A system for treating an aortic aneurysm ac- 
cording to the present invention typically includes a first 
prosthesis or stent gasket and at least one second pros- 
thesis. In preferred embodiments of the invention, the 
components of the system are delivered intraluminally 
to the site of the aneurysm using a catheter or the like. 
One skilled in the art will therefore recognize that it is 
beneficial to deliver the components of the system in a 
closed or first position, and to deploy the component in 
its functionBl location by expanding the component into 
an open or second position. 
[0044] Embodiments of the Invention will now be de- 
scribed by way of example with reference to the accom- 
panying drawings, In which: 

Figure 1 is an elevation view of a fully deployed aor- 
tic repair system made in accordance with the 
present invention. 

Figure 2 is a perspective view of a stent for a first 
prosthesis, shown for clarity in an expanded state. 
Figure 3 is a perspective view of a first prosthesis 
having a stent covered by a gasket material. 
Figure 4 Is a side elevation of a second prosthesis 
having a stent covered by a graft material. 
Figure 5 Is a side elevation of a stent for a second 
prosthesis, shown for clarity In an expanded state. 
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Figure 6 is a side elevation of a longitudinally pleat- 
ed graft material configured for placement on the 
stent of Figures. 

Figure 7 Is an elevation view of a fully deployed first 
' prosthesis made In accordance with the present in- 
vention and an exemplary delivery system. 
Figure 8 Is an end view of the graft material illustrat- 
ing the graft material in Its unexpended or crimped 
configuration and in its fully expanded configura- 
tion. 

Rgures 9 to 11 show an exemplary connector as- 
sembly of the present Invention Intended for use on 
an end portion of a stent or prosthesis. 
Figures 12 to 14 show an alternative connector as- 
sembly of the present invention intended for use on 
an intermediate portion of a stent or prosthesis. 
Figure 15 is a partial, exploded perspective view of 
the proximal end of a second prosthesis of the 
present invention illustrating an anchoring and de- 
livery system according to the inventk>n. 
Figure 16 is a side elevation of a third or extension 
prosthesis having a stent covered by a graft mate- 
rial. 

Rgures 17a and 17b illustrate an alternative con- 
nector assembly of the present invention wherein 
the connector is a suture orthe tike'having a nub or 
spherical end. 

SYSTEM 

[0045] A system according to the present invention 
may Include one or nu>re prostheses. In the exemplary 
system shown in Figure 1 , the system includes a first 
prosthesis 10 and two second prostheses 11a and 11b» 
which, in combination, bypass an aneurysm 1 00. In pre- 
ferred embodiments of the invention, a proximal portion 
of the system may be positioned In a portion 101 of an 
artery upstream of the aneurysm 100, and a distal por- 
tion of the system may be positioned in a downstream 
portion 1 02 of the artery or a different artery. 
[0046] A prosthesis In accordance with the present in- 
vention includes a support, stent, or lattice of intercon- 
nected struts defining an interior space having an open 
proximal end and an open distal end. The lattice also 
defines an Interior surface and an exterior surface. The 
interior and/or exterior surfaces of the lattice, or a por- 
tion of the lattice, may be covered by or support at least 
one covering material, such as a foam or graft material. 
[0047] As noted in more detail below in relation to spe- 
cify system components, some prostheses of the 
present Invention may be configured to seal and/or an- 
chor the system in place, and/or to receive and position 
other prostheses. Typically these prostheses do not 
themselves define a fluid flow path. Other prostheses 
may be configured to define at least one fluid flow path. 
T^tcally, these prostheses define a channel orthe like 
through which fluid, such as blood, flows. This channel 
or fluid flow path typically begins upstream of. or in an 
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upstream portion of, a component of the system. In 
some embodiments of the invention, the fluid flow path 
bypasses the aneurysm. 

[0048] In prefen-ed embodiments of tlie invention, a 
prosthesis is moveabie between an expanded or inflat- 
ed position and an unexpended or deflated position, and 
any position therebetween. An exemplary embodiment 
of this feature of the invention is shown in Rgure 8 and 
is intended to genericaily illustrate a stent or stent graft 
in its expanded or unexpandcd position. In some em- 
bodiments of the invention, it may be desirable to pro- 
vide a prosthesis that moves only from fully collapsed 
to fully exparwled. In other embodiments of the Inven- 
tion, it may be desirable to expand the prosthesis, then 
collapse or partially collapse the prosthesis. Such capa- 
bility is beneOcial to the surgeon to properly position or 
re-position the prosthesis. In accordance with the inven- 
tion, the prosthesis may be self-expanding, or may be 
expandable using an inflatable device, such as a balloon 
or the like. 

[0049] An exemplary embodiment of a system for 
treating an abdominal aortic aneurysm according to the 
present invention is shown in Figure 1 . For the purpose 
of this embodiment, the system is deployed in the infra- 
renal neck 101 of the abdominal aorta, upstream of 
where the artery splits Into first and second common iliac 
arteries. Figure 1 shows first prosthesis or stent gaslcet 
10 positioned in the infrarenal neck 101; two second 
prostheses, ila and lib. the proximal ends of which 
matingly engage a proximal portion of stent gaslcet 10, 
and the distal ends of which extend Into a common lilac 
artery 1 or 2. As illustrated, the body of the prosthesis 
forms a conduit or fluid flow path that passes through 
the location of the aneurysm 100. in preferred embodi- 
ments of the invention, the components of the system 
define a fluid flow path that bypasses the section of the 
artery where the aneurysm is located. 
[0050] These and other features of the prosthetic de- 
vices and systems of the present invention will be de- 
scribed in more detail below. 

FIRST PROSTHESIS OR SEALING PROSTHESIS 

[0051] The first prosthesis includes a support matrix 
or stent that supports a sealing material or foam, at least 
a portion of which is positioned across a biological fluid 
flow path, e.g., across a blood flow path. In preferred 
embodiments of the invention, the first prosthesis, the 
stent, and the sealing material are radially expandable, 
and define a hollow space between a proximal portion 
of the prosthesis and a distal portion of the prosthesis. 
The first prosthesis niay also include one or more struc^ 
tures for positioning and anchoring the prosthesis In the 
artery, and one or more structures for engaging and fix- 
ing at least one second prosthesis In place, e.g., a t^y- 
pass prosthesis. 

[0052] The support matrix or stent of the first prosthe- 
sis may be fonrted of a wide variety of materials, may 



be configured in a wide variety of shapes, and their 
shapes and uses are well known in the art. Exemplary 
prior art stents are disclosed in US-4733665 (Palmaz). 
US-4739762 (Palmaz), and US-4776337 (PaJmaz). 

5 [0053] in preferred embodiments of the invention, the 
stent of the first prosthesis is a collapsible, flexible, and 
self-expanding lattice or matrix fonmed from a metal or 
metal alloy, such as nttlnol or stainless steel. Structures 
fomned from stainless steel may be made self-expand- 

10 ing by configuring the stainless steel In a predetemilned 
manner, for example, by twisting it into a braided con- 
figuration. More preferably, the stent Is a tubular frame 
that supports a sealing material. The tenrt tubular, as 
used herein, refers to any shape having a sidewall or 

IS stdewalls defining a hollow space or lumen extending 
therebetween; the shape may be generally cylindrical^ 
elliptic, oval, rectangular, triangular, or any other shape. 
Furthenrtore, the shape may change or be deformable 
as a consequence of various forces that may press 

20 against the stent or prosthesis. 

[0054] The sealing material or gasket member sup- 
ported by the stent may be formed of a wide variety of 
materials, may be configured in a wide variety of 
shapes, and their shapes and uses are well known in 

25 the art. Exemplary materials for use with this aspect of 
the invention are disclosed in US-4739762 (Palmaz) 
and US-4776337 (Palmaz). 
[0055] The seeing material or gasket member may 
comprise any suitable material. Exemplary materials 

w are composed of a biodurable and biocompatible mate- 
rial, including but are not limited to, open cell foam ma- 
terials and closed cell foam materials. Exemplary mate- 
rials include polyurethane, polyethylene, poly- 
tetrafluroethylene; and other various polymer materials, 

35 preferably woven or knitted, that provide a flexible stnjc- 
ture, such as a polyester (such as that sold under the 
trade mark Dacron) . Highly compressible foams are par- 
trcuiariy preferred, preferably to keep the crimped profile 
low for better delivery. Tfie sealing material or foam is 

40 preferably substantially impervious to blood when in a 
compressed state. 

[0056] The sealing material may cover one or more 
surfaces of the stent I.e., can be located along an interior 
or exterior wall, or both, and preferably extends across 

45 the proximal end or a proximal portion of the stent. The 
sealing material helps impede any blood trying to flow 
around the first prosthesis, e.g., between the first pros- 
thesis and the arterial wall, and around one or more by- 
pass prostheses after they have been deployed within 

so the lumen of the first prosthesis (described in more detail 
below). 

[0057] In preferred embod Iments of the invention, the 
sealing material stretches or covers a portion of the 
proximal end of the stent and along at least a portion of 
55 the outside wall of the stent. 

[0058] In some embodiments of the invention, it may 
be desirable for the portion of the sealing material cov- 
ering the proximal portion of the stent to include one or 
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more holes, apertures, points, slits, sleeves, flaps, 
weakened spots, guides, or the like for positioning a 
guidewire, for positioning a system component^ such as 
a second prosthesis, and/or tor engaging, preferably 
malingly engaging, one or more system components, 
such as a second prosthesis. For example, a sealing 
material configured as a cover or the like, and having a 
hole, nnay partially occlude the stent lumen. 
(0059] These openings may be variously configured, 
primarily toconformto Its use. These structures promote 
proper side by side placement of one or more, preferably 
multiple, prostheses within the first prosthesis, and, in 
some embodiments of the inventton. the sealing mate- 
rial may be configured or adapted to assist in maintain- 
ing a certain shape of the fully deployed system or com- 
ponent Further, these openings may exist prior to de- 
ployment of the prosthesis, or may be fomied in the 
prosthesis as part of a deployment procedure. The var- 
ious functions of the openings wilt be evident from the 
description below. In preferred embodiments of the In- 
vention, the sealing material is a foam cover that has a 
single hole. 

[D060] The sealing material may be attached to the 
stent by any of a variety of connectors, including a plu- 
rality of conventional sutures of polypropylene, polyes- 
ter (such as that sold under the trade mark Dacron), or 
any other suitable material and attached thereto. Other 
methods of attaching the sealing material to the stent 
Include adhesives, ultrasonic welding, mechanical Inter- 
ference fit and staples. 

[0061] One or more markets may be optionally dis- 
posed in or on the stent between the proxfrnal end and 
the distal end. Preferably, two or more markers are sized 
and/orpositioned to identify a location on theprosthesis, 
or to Identify the position of the prosthesis, or a portion 
thereof, in relation to an anatomical feature or another 
system component 

[0062] First prosthesis is typically deployed in an ar- 
terial passageway upstream of an aneurysm, and func- 
tions to open and/or expand the artery, to properly po- 
sition and anchor the various components of the system, 
and. in combination with other components, seal the 
system or portions thereof from fluid leaks. For example, 
the sealing first prosthesis may be deployed within the 
infrarenal neck, between an abdominal aortic aneurysm 
and the renal arteries of a patient, to assist In repairing 
an abdominal aortic aneurysm. 
[0063] Figures 1 to 3 show an exemplary sealing pros- 
thesis 10 of the present Invention . Sealing prosthesis 1 0 
includes a substantially cylindrical self-expanding lat- 
tice, support, or stent 12. typically made from a plurality 
of interconnected stmts 13. Stent 12 defines an interior 
space or lumen 18 having two open ends, a proximal 
ertd 14 and a dtsta! end 16. One or more markers 15 
may be optionally disposed in or on the stent between 
the proximal end 1 4 and the distal end 16. 
[0064] Stent 12 may further Include at least two, but 
preferably eight (as shown in Figure 2) spaced apart lon- 



gitudinal legs 20. Preferably, there is a leg extending 
from each apex 11 of diamonds fomied by struts 1 3. At 
least one teg, but preferably each leg, includes a flange 
28 adjacent Its distal end which, as is described in great- 

^ er detail below, allows for the stent to be retrievable into 
its delivery apparatus after partial or nearly full deploy- 
ment of member 1 2 so that it can be turned, or othenvtse 
repositioned for proper alignment. 
[0065] Figure 3 shows the sealing material 30 cover- 

10 ing the proximal end of the first prosthesis or stent gas- 
ket 10. In the exemplary embodiment shown in Figure 
3, sealing or first prosthesis 10 includes a sealing ma- 
terial 30 having a first opening or hole 32 and a second 
opening or slit 33. The gasket material covers at least a 

15 portion of the interior or exterior of the stent, and most 
preferably covers substantially all of the exterior of the 
stent. For example, gasket material 30 may be config- 
ured to cover stent 12 from the proximal end 14 to the 
distal end 16, but preferably not covering longitudinal 

20 legs 20. 

[0066] The sealing material helps impede any blood 
trying to flow around bypass prostheses 11a and lib 
after they have been deployed (as shown In Figure 1), 
and from flowing around the stent gasket or first pros- 
es thesis itself. For this embodiment, sealing material 30 is 
a compressible member or gasket located along the ex- 
terior of the stent 12 and at least a portion of the interior 
of the stent 12. 



[0067] The second prosthesis Is a bypass conduit or 
the like that is typically deployed in an arterfal passage- 
way upstream of an aneurysm, and establishes a fluid 
flow path through the system or a portion thereof. In 
some embodiments of the invention, the second pros- 
thesis defines a fluid flow path that passes through the 
arterial segment having the aneurysm, e.g., bypassing 
the aneurysm. In these embodiments of the invention, 
the second prosthesis extends from a healthy portion of 
the artery, through the arterial segment having the an- 
eurysm, and Into another healthy portion of the artery or 
another artery. The second prosthesis functions to by- 
pass the portion of the conduit containing the aneurysm, 
and to properiy position and/or anchor the proxomal end 
of the system In an artery. In some embodimenle of the 
Invention, the second prosthesis defines a fluid flow path 
from one portion of the system, e.g.. a proximal portion 
or end, to another portion, e.g., a distal portion or end, 
or an into nncdi ate portion. 

[0068] The second prosthesis may also include one 
or more structures for positioning and anchoring the 
second prosthesis in the artery or in the first prosthesis, 
in a prefen'ed en^odiment of the invention, the second 
prosthesis Is adapted to engage the first prosthesis. 
[0069] One or more maricers may be optionally dls* 
posed in or on the second prosthesis between the prox- 
imal end and the distal end. Preferably, two or more 



30 SECOND PROSTH ES S 



35 



40 



45 



SO 



8 



15 



EP 1325 715 A2 



16 



markers are sized and/or positioned to identify a location 
on the prosthesis, or to Identify the position ot the pros- 
thesis, or a portion thereof. In relation to an anatomical 
feature or another system component In preferred em- 
bodiments of the invention, fluoroscopically identifiable 
sutures or staples are used; these sutures or staples 
may also attach the graft material to the stent to fonm 
the second prosthesis. 

[0070] Figures 1 and 4-6 show an exemplary second 
or bypass prosthesis 11a, b of the present invention. 
Second prosthesis 11a, b includes a substantially cylin- 
drical self-expanding lattice, support, or stent 40, typi- 
cally made from a plurality of interconnected struts 44. 
Lattice 40 defines an interior space having two open 
ends, a proximal end 41 and a distal end 42. The Interior 
and/or exterior surfaces of lattice 40 may be covered by 
or support at least one graft material 60. 
[0071] The second prosthesis typically inctudes a 
support matrix or stent that supports a graft material. 
One end of the second prosthesis is typically adapted 
to engage one or more portions of first prosthesis. In 
prefenred embodiments of the invention, the proximal 
end ot the sepond prosthesis is adapted to mating ly en- 
gage a proximal portion of first prosthesis. The second 
prosthesis may optionally include at least one attach- 
ment stmctuie on its distal end for engaging and secur- 
ing the prosthesis In a portion of an artery downstream 
of the aneurysm. These and other features of the sec- 
ond prosthesis will be descnlsed in more detail below. 

EXTENSION PROSTHESIS 

[0072] An extension or third prosthesis according to 
the present Invention Is a stent covered with a graft ma- 
terial, as described above, and may be adapted to pro- 
vide a fluid flow path. In some embodiments of the in- 
vention, the extension prosthesis is configured to pro- 
vide a fluid flow path upstream from the system. In these 
embodiments of the invention, the extension prosthesis 
Is configured to engage a portion of the first prosthesis. 
If the extension prosthesis Is being used to treat an ab- 
dominal aortic aneurysm, the fluid flow path upstream 
of the system may be Infra-renal, trans-renal, or supra- 
renal. 

[0073] In some embodiments of the Invention, the ex- 
tension prosthesis is configured to extend an existing 
fluid flow path, e.g., extend the fluid path provided by 
the second prosthesis. For example, the extension pros- 
thesis may be configured to provide a fluid flow path 
downstream from the system. In these embodiments of 
the invention, the extension prosthesis Is configured to 
engage a portion of the second prosthesis, and extends 
from the second prosthesis, through the arterial seg- 
ment having the aneurysm, and Into another healthy 
portion of the artary or another artery. The extension 
prosthesis may function to bypass the portion of the ar- 
tery contEuning the aneurysm, and/or to properly posi- 
tion and/or anchor the distal end of the system in an ar- 



tery. In some embodiments of the invention, the exten- 
sion prosthesis defines a fluid flow path from one portion 
of the system, e.g., a proximal portion or end. to another 
portion, e.g., a distal portion or end, or an intemiediate 
s portion. 

[0074] The extension or third prosthesis may also In- 
clude one ormore structures for positioning and sunchor- 
ing the extension prosthesis In the artery or in the sec- 
ond prosthesis. In a preten^ed embodiment of the inven- 
10 tion, the extension prosthesis is adapted to engage the 
second prosthesis. 

[0075] One skilled in the art will recognize that an ex- 
tension prosthesis configured according to the present 
Invention may also be used to support, repair, or rein- 

15 force another prosthesis, such as a second prosthesis. 
For example, If a second prosthesis fonns a Idnk, ft may 
be desirable to position an extension prosthesis within 
the second pros^esis, and radially expand the exten- 
sion prosthesis to thereby strengthen and/or repair the 

20 kink In the second prosthesis to cover the kinked area, 
[0076] in accordance with the present Invention, the 
extension prosthesis may be variously configured. For 
example, the extension prosthesis may be configured 
as described above for the second prosthesis. 

25 [0077] I n preferred embodiments of the invention, the 
stent of the extension prosthesis is a collapsible, flexi- 
ble, and self-expanding lattice or matrix fomried from a 
metal or metal aDoy, such as nitinol or stainless steel. 
More preferably, the stent is a tubular frame that sup- 

30 ports a graft material. The shape may be generally cy- 
Ifndrlca), elliptic, oval, rectangular, triangular, or any oth- 
er shape. Furthermore, the shape may change or be de- 
formable as a consequence of various forces that may 
press against the stent or prosthesis. In preferred em- 

35 bodlments of the invention, the distal and proximal ends 
of the stent are a different diameterthan an intemrtedlate 
portion of the stent. For example, one or both ends may 
be flared. As will be described in more detail below, in 
the most prefen^ed embodinnents of the invention, both 

^0 ends are flared, and one end has a greater diameter or 
cross section than the other end. 
[0078] The graft material supported by the stent may 
be formed of a wide variety of materials, may be config- 
ured in a wide variety of shapes, and their shapes and 

45 uses are well known in the art. Exemplary materials for 
use with this aspect of the invention are disclosed in US- 
4739762 (Palmaz) and US-4776337 (Palmaz). 
[0079] The graft material may cover one or more sur- 
faces of the stent i.e., can be kx:ated along an Interior 

so orexteriorwall, or both, and preferably extends from one 
flared end to the other. In the most prefen-ed embodi- 
ments of the invention, the portion of the stent on both 
ends that includes one or more connectors Is not cov- 
ered by graft material. 

55 [OOBOl The graft material may be attached to the stent 
by any of a variety of connectors, including a plurality of 
conventional sutures of polyvinylldene fluoride, polypro- 
pylene, polyester (such as that sold under the trade 
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mark Dacron), or any other suitable material and at- 
tached thereto. Other methods of attaching the sealing 
material to the stent include adhesives, ultrasonic weld- 
ing, mechanical interference fit, and staples. In pre- 
ferred embodiments of the invention, the graft material 
Is attached to ttie stent using a number of sutures, e.g., 
six sutures at or near each end. 
[0081] One or more markers may be optionally dis- 
posed in or on the stent between the proximal end and 
the dfstal end. Preferably, two or more markers are sized 
and/or positioned to identify a iocation on the prosthesis, 
or to identify the position of the prosthesis, or a portion 
thereof, in relation to an anatomical feature or another 
system component. 

[0082] As noted above, the extension prosthesis may 
be engaged, preferably matingly engaged, to another 
prosthesis in the system In order to provide a fluid flow 
path. The extension prosthesis is preferably configured 
to fomn a fluid tight seal with the other prosthesis. Any 
configuration and/or assembly of elements that 
achieves a fluid-tight seal may be used. For example, 
the first and/or second prosthesis may include a gasket 
that spans the lumen, the gasket having an aperture 
configured to receive an end portion of the extension 
prosthesis. An exemplary gasket configuration is de- 
scribed above for the first prosthesis. Such a gasket 
preferably seats and sealingly engages the extension 
prosthesis. Other examples of a fluid tight seal engage- 
ment between the extension prosthesis and another 
prosthesis Includes, but is not limited to, a butt Joint, a 
slip joint, or a elf) union. 

[0083] Further, the engagement between the exten- 
sion prosthesis and the other prosthesis may be fomied 
by gasket material, graft material, a portion of the stent 
of one or both prostheses, or combinations thereof. For 
example, in some embodiments of the invention, it may 
be desirable to provide a second prosthesis having a 
stent whose shape memory is inwardly focussed, i.e., 
toward the lumen of the prosthesis, and an extension 
prosthesis stent whose shape memory Is outwardly fo- 
cussed, I.e., away from or expanding the lumen of the 
prosthesis. 

[0084] In preferred embodiments of the Invention, the 
extension or third prosthesis sealingly engages a first or 
second prosthesis using an interference fit. The seal 
may be fomned by a flared portion of the extension pros- 
thesis engaging a tapered portion of another prosthesis, 
or any other nesting configuration. One skilled In the art 
will recognize that by configuring the second prosthesis 
in relation to the configuration of the extension prosthe- 
sis, various arrangements may provide a fluid tight seal. 
Also, the seal may be formed in a discrete section of 
engagenoent between a portion of the extension pros- 
thesis and the other prosthesis, or the seal may be grad- 
ual, e.g., fomned gradually over a longitudinal length of 
contact between the extension prosthesis and the other 
prosthesis. 

[0085] In preferred embodiments of the invention in 



which the extension or third prosthesis sealingly engag- 
es a second prosthesis, the engagement is a frk:tional 
engagement in which a sufficient length of the extension 
prosthesis contacts the inner wall of the second pros- 

s thesis. Any length is siiffk;ient if it results in a fluid tight 
seal, preferably a fluid tight seal when the system is fully 
deployed in the artery. In addition, the length should be 
sufficient to compensate for any potential migration. It 
has been fourKi that a thirty to fifty mm length overlap 

10 between the extension prosthesis and the second pros- 
thesis fonms a fluid tight seal, but the invention should 
not be limited to a specific length of overlap. 
[00B6] It has also been found that some types of sta- 
ples typically used In the prior art to connect one tubular 

IS structure or prosthesis to another may result In an abra- 
sive engagement between the two prostheses, abrasion 
that may lead to earlier and/or deleterious wear. In pre- 
ferred embodiments of the present Invention, the en- 
gagement between an extension prosthesis and anoth- 

20 er prosthesis should involve non-abrasive contact. 
[0087] In accordance with the present Invention, the 
most preferred configuration of an extension prosthesis 
includes graft material covering a central portion of the 
prosthesis, i.e., connectors on the stent on both ends 

25 are exposed or uncovered; and one end of the extension 
prosthesis Is flared or has a larger diameter than its op- 
posite end. Such a configuration is particularly well suit- 
ed for use at either the upstream end of the system, first 
prosthesis, or second prosthesis, or the downstream 

30 end. For example, if the extension prosthesis is being 
used to extend a downstream portion of the system or 
the second prosthesis, the flared or larger diameter end 
of the extension prosthesis is the proximal or upstream 
end, and Is delivered first. If the extension prosthesis te 

35 being used to extend an upstream portion of the system, 
the first prosthesis, or the second prosthesis, the smaller 
diameter end of the extension prosthesis Is the proximal 
or upstream end, and is delivered first. 
[0088] Rgure 1 6 shows an exemplary extension pros- 

40 thesis 1 60 of the present Invention. The extension pros- 
thesis 1 60 typically includes a support matrix or stent 40 
that supports a graft matertal 60. Stent 40 Is a substan- 
tially cylindrical self-expanding lattice or support, typi- 
cally made from a plurality of Interconnected struts 44. 

45 stent 40 defines an Interior space having two open 
ends, a proxtmai end 41 and a distal end 42. 
[0089] Figure 1 6 also ill ustrates an altemative embod- 
iment of a stent 40 for second prosthesis 11a, b, as well 
as extension prosthesis 160. in an intermediate portion 

5^ of the stent, interconnected struts 44 may be unattached 
at exemplary positions 45 In order to Increase the flexi- 
bility of the sX&ri and to increase kink resistance. Other 
configuratk>ns may be adopted to achieve such a struc- 
ture having greater flexibility. Additional configurations 

55 are described below. 

[0090] In the illustrated embodiment, p roximal end 41 
is adapted to engage one or more portions of second 
prosthesis 11a. b (illustrated in Figure 1), typically an 
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interior wail of prosthesis 11a, b. In preferred embodi- 
ments of the invention, a distal portion of second pros- 
thesis 11a, b is adapted to matlngly engage a proximal 
portion 161 of extension prosthesis 160. The distal end 
42 is adapted to engage, contact, or be positioned in an 
artery. 

[OOdI] In adapting the extension prostheses to engage 
the second prosthesis, the proximal end of the extension 
prosthesis nnay be flared or unflared. In a most preferred 
embodiment of the invention, the proximal end of exten- 
sion prosthesis 160 may be slightly flared outwardly, 
preferably to more easily effect the mating engagement 
between the second prosthesis and the extension pros- 
thesis. It is intended that the length of the flared portion 
of the extension prosthesis should approximate the 
length of overlap between the distal end of the second 
prosthesis and the proximal end of the extension pros- 
thesis. 

[0092] in preferred embodiments of the invention, on 
the downstream end of a prosthesis that provides a fluid 
flow path, the graft material may be shaped to confonn 
to the pattern of struts supporting the graft material. For 
example, the downstream edge of graft material 60 is 
preferably fully supported by the underiying stent. Such 
a configuration may be desirable to prevent unsupport- 
ed sections of the graft material from folding Into the lu- 
men of the stent. 

STENT 

[0093] Any of the stents of the present Invention fomi 
a support or lattice structure suitable for supporting a 
graft material, in preferred embodiments of the inven- 
tton, the stent defines a channel through which a fluid, 
such as blood, may flow. A typical stent comprises an 
expandable lattice or network of interconnected struts. 
In preferred embodiments of the invention, the lattice Is 
machined from an inlegrai tub© of malefial. 
[0094] in accordance with the present invention, the 
stent may be variously configured. For example, the 
stent may be conffgured with struts or the like that fomi 
repeating geometric shapes. One skilled in the art will 
readily recognize that a stent may be configured or 
adapted to include certain features and/or to perform a 
certain function (s), and that alternate designs may be 
used to promote that feature or function. 
[0095] In some exemplary embodiments of the Inven- 
tion, the struts of the stent gasket form a matrix having 
diamond shapes. In the exemplary embodiment of the 
invention shown in Figure 2, the matrix or struts of stent 
10 are configured into a diamond shapes* preferably 
having approximately eight diamonds. In this exemplary 
embodiment of the Invention, the fully expanded dia- 
mond pattern of a first prosthesis has angles of forty- 
five to f ifty-fivd degrees at their distal and proximal ends. 
In the exemplary embodiment of the invention shown in 
Figure 5, the matrix or struts of stent 40 may be config- 
ured into at least two hoops 43, each hoop 43 compris- 



ing a number of struts 44 having a diamond shape, hav- 
ing approximately nine diamonds. A second prosthesis, 
such as second prosthesis 40, may further include a zig- 
zag shaped ring 50 for connecting adjacent hoops to 
s one another. The zigzag shaped rings may be fomried 
from a number of altematingstruts 52, wherein each ruig 
has fifty-four struts. 

[0096] The diamond pattem for the anchors, as well 
as the other hoops, provide the hoops with radial and 

10 longitudinal stiffness. The longitudinal strength provides 
for better mechanical fixation of stent 40 to a graft ma- 
terial (described below). The radial strength provides 
the proxlnial hoop 45a with better attachment and seal- 
ing to the gasket material, and provides the distal hoop 

15 45b with better fixation and sealing to the arterial wall. 
Further, the distal hoop may be flared, and may be ex- 
posed after the graft material has been attached to the 
stent. 

[0097] In one preferred embodiment, the proximal 

20 and distal hoops have greater radial and longptudmal 
strength than the hoops therebetween. This creates a 
stent graft having stiff ends Tor anchoring, but a more 
flexible body for navigation through the vasculature. The 
stiffer ends can be accomplished by changing the di- 

S5 menslons of the struts for the end hoops, or by varying 
the heattreatment otthe end hoops during manufacture. 
The rings allow the stent to bend more easily, and gen- 
erally provide for more flexibility when the stent is being 
delivered through a tortuous vessel. When a non-com- 

30 pliant graft is attached to a stent, the strength of the dia- 
mond fioDps scaffolds any graft folding into the blood 
flow lumen, while maintaining a tight kink radius. 
[0098] In accordance vwth some embodiments of the 
present invention, the proximal and/or dista! end of a 

35 stent may indude one or more anchors and/or one or 
more struts of the stent configured into an anchor. One 
or more anchors, commonly referred to as recapture 
legs, may also be configured to releasebly engage a de- 
livery device, such as a catheter, or a portion thereof. 

40 [0099] In the exemplary embodiments of the invention 
in which an extension prosthesis Is matlngly engaged to 
a second prosthesis, it has bean found advantageous 
to provide an Interlocked mating engagement between 
the two prostheses. The interlock configuration may t>e 

^ achieved by a variety of structures. In a preferred em- 
bodiment, the proximal end of the stent of the extension 
prosthesis may include free or open diamond shapes, 
the unattached struts of which can Interlock with closed 
diamond shapes on a distal end of the bypass prosthe- 

50 sis. 

[0100] The distal end of the stent is preferably config- 
ured to engage a complementary structure on a delivery 
device, such as a catheter or a portion thereof. For ex- 
ample, the distal end of the stent may include one or 
55 more keys that engage, preferably releasably engage, 
a corresponding latch on the catheter. An exemplary 
configuration is shown in Rgure 15. (t is intended that 
the invention should not be limited by the precise stmc- 
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tures used to engage the stent to the delivery device. 
[0101] In the exennplary embodiments otthe invention 
shown in Figures 1 -3 and 15, the stent may include one 
or niore anchors 28, 46 configured to engage a corre- 
sponding structure on a dBllvery device 130. In accord- 
ance with the present Invention, the delivery apparatus 
may include a collar having one or more grooves or the 
like adapted to refeasably engage one or more comple- 
mentary structures on a stent or prosthesis of the 
present Invention. For example, the delivery apparatus 
130 shown in Figure 7 includes eight grooves 144 to 
configure the delivery device to releasably engage both 
the first prosthesis 1 0 In Figure 1 (having eight anchors 
28 as illustrated in Figure 2), and the delivery apparatus 
130 shown in Figure 15 includes three grooves 144 to 
configure the delivery device to releasably engage the 
second prosthesis 11a, b in Rgure 15 (having three an- 
chors 46). Such an anchor/delivery device configuration 
is particularly suited to partially deploying a prosthesis 
of the present invention, and to position or re-po$ltlon 
the prosthesis. 

[0102] Any of the stents of the present invention may 
be formed of any material suitable for functioning in vivo 
as a support for graft material. A stent of the present 
invention may be formed from a wide variety of materi- 
als, all of which are well f<nown to those skilled in the 
art. In some embodiments of the invention, the stent is 
formed from a metal or metal alloy. In preferred embod- 
iments of the invention, the stent is (onned from supere- 
lastic Nickel Titanium alloys (Nitinol). Descriptions of 
medical devices which use such alloys can be found in 
US-4665906 and EP-A-928e06. A stent according to the 
Invention Is preferably laser cut from a tubular piece of 
nitinol and thereafter treated so as to exhibit superelas- 
tic properties at body temperature. In prefen'ed embod- 
iments of the invention, the stent material is expandable 
or collapsible, i.e., moveable from a first closed position 
to a second open position, or vice versa. 

GRAFT MATERIAL 

[0103] An Inner or outer surface of a stent of the 
present Invention may be covered by or support a graft 
material. Graft material 60 (Figure 4, 6. 8. 1 0. 11 . 1 3, 14. 
15 and 16) can be made from any number of materials 
known to those skilled in the art, including woven poly- 
ester (such as that sold under the trade mark Dacron). 
pdytetrafluoroethylene (such as that sold under the 
trade mark Teflon), polyurethane, porous polyurethane, 
silicone, polyethylene terephthlate, expanded poJy- 
tetrafluoroethylene (ePTFE) and blends of various ma- 
terials. 

[0104] In some embodiments of the invention, it may 
be desirable to incorporate a bk)degradable, or degra* 
dable material, such as albumin, collagen, or any type 
of collagen. A graft material that Is biodegradable would 
erode or dissolve overtime; it is believed that the erod- 
ing graft material may be replaced by one or more bio- 



fusion constituents, 

[0105J The graft n^aterlal may be variously config- 
ured, preferably to achieve predetermined mechanical 
properties. For example, the graft material may incorpo- 

s rate a single or multiple weaving and/or pleating pat- 
terns, or may be pleated or unpleated. For example, the 
graft may be configured into a plain weave, a satin 
weave. Include continuous longitudinal pleats, Interrupt- 
ed pleats, annular or helk^l pleats, radially oriented 

10 pleats, or combinations thereof. Alternately, the graft 
material maybe knitted or braided. In the exemplary env 
bodiments of the Invention in which the graft material Is 
pleated, the pleats may be continuous or discontinuous. 
Also, the pleats may be oriented longitudinally, ctrcum- 

'5 ferenttaliy, or combinations thereof. 

[0106] As shown In Figure 6. graft material 60 may 
include a plurafity of longitudinal pleats 61 extending 
along its surface, generally parallel to the longitudinal 
axis of the prosthesis. As shown in Figure 8. the pleats 

20 allow the prosthesis to collapse around its centre, much 
as it would be when it Is delivered into a patient. As il- 
lustrated, the pleats come together as a series of radially 
oriented regular folds that pack together effk:lentiy. This 
provides a relatively low profile delivery system, and 

25 provides for a controlled and consistent deployment 
therefrom. It is believed that this configuration minimizes 
wrinkling and other geometric in-egularitles. Upon sub- 
sequent expansion, the prosthesis assumes its natural 
cylindrk:al shape, and the pleats or folds unlfonfnly and 

30 symmetrfcally open. 

[0 1 07] In additbn, pi eats 61 help facilitate stent graft 
manufacture, In that they Indicate the directton parallel 
to the longitudinal axis, allowing stent to graft attach- 
ment along these lines, and thereby inhibiting accidental 

35 twisting of the graft relative to th e stent after attachment. 
The force required to push the stent-graft out of the de- 
livery system may also be reduced, in that only the pleat- 
ed edges of the graft make frictional contact with the 
inner surface of the delivery system. One further advan- 

40 tage of the pleat8 Is that blood tends to coagulate gen- 
erally unifomily in the troughs of the pleats, discouraging 
asymmetric or large clot fomnatlon on the graft surface, 
thereby reducing embolus risk. 
[0108] As shown in Figure 6, the graft material may 

45 also include one or more, and preferably a plurality of, 
radially oriented pleat interruptions 70. The pleat inter- 
ruptions are typically substantially circular and are ori- 
ented perpendicular to longitudinal axis. Pleat interrup- 
tions 70 allow the graft and prosthesis to bend better at 

so selective points. This design provides for a graft material 
that has good crimpabiiity and Improved kink resistance 
(see also Fig. 4). 

[01 09] The graft material as descried above Is pref- 
erably highly compressible, which also promotes a low 
ss crimped profile for better delivery characteristics. 

[0110] In accordance with the present invention, the 
graft material may be impervious or substantially imper- 
vious to the flow of blood, or may be porous. A gmft ma- 
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terial is impervious If it prevents blood from passing 
through the graft material on contact with blood or after 
tlic graft material is saturated with blood, Choice oi the 
flow characteristics of a graft material are well known to 
those skilled in the art^ and are tied in part to the intend- 
ed function of the prosthesis or portion of the prosthesis. 
For exanple, it may be desirable for the graft material 
that forms the cover of the fIrBt prosthesis to be imper- 
vious or substantially impervious to the flow of blood. 
Alternately, it may be desirable for a graft material to be 
porous or partially porous to promote biofusion. 
[0111] In addition, it Is preferable that the gasket 
merrijerbesubstantialty Impervious to the flow of blood, 
at least when in a partially compressed state. When 
used throughout for the present invention, materials 
which are substantially impervious to the flow of biood 
include materials which become substantially impervi- 
ous to the flow of blood after being saturated with blood. 
[01 1 2] A graft material may be attached to a stent or 
to another graft material by any number of structures or 
methods known to those skilled In the art, including ad- 
hesives, such as polyurethane glue; a plurality of con- 
ventional sutures of polypropylene, polyester, or any 
other suitable material; ultrasonk^ welding; mechanical 
interference fit; and staples. 

[01 13] As stated above, a stent preferably has a graft 
member attached thereto. The graft member covers at 
least a portion of the Interior or exterior of the stent, and 
most preferably covers substantially all of the exterior of 
the stent. In soma exemplary embodiments of the Inven- 
tion, prosthesis 11a, b includes graft material 60 that 
covers only a portion of the distal end 42 of matrix 40. 
See. for example, Figure 4. 

[0114] in accordance with the present Invention, it 
may be highly desirable to provide a graft material that 
limits or eliminates the amount of blood that passes be- 
tween the graft and the arterial wall, to provide a cath- 
eter-delivered graft or prosthesis that extends through 
a longer portion of an artery, to Improving the anchoring 
mechanisms between two prostheses, to improving the 
anchoring mechanism between the prosthesis and the 
arterial wall or an interiumlnal cavity within an artery, and 
to Improve the fluid dynamic and performance charac- 
teristica of the implanted prosthesis. 

MARKER 

[0115] As noted above, a stent and/or prosthesis of 
the present invention may include one ormore markers. 
One skilled in the art will recognize that one or more 
markers may be positioned on the stent, the graft ma- 
terial, or on the prosthesis. In preferred embodiments of 
the invention, the markers are used to identify the posi- 
tion of the stent or prosthesis in relation to a body part 
and^or in relation to another stent or prosthesis, and/or 
to identify the position of one part of the prosthesis rel- 
ative to another part. In most prefen-ed embodiments of 
the Invention, the man(er(s) is used to Identify a position 



24' 

in vivo. 

[01 1 6] As shown In Figures 2 and 3, a stent, such as 
stents 12 and/or 40, preferably includes one or more ra- 
diopaque markers 15. Exemplary materials for forming 

5 markers include but are not limited to tantalum, plati- 
num, iridium, and gold. As shovm, markers 15 are coils 
of iadk)paque metal, wrapped around the struts of the 
stent. Markers 15 are preferably made from 0.19 mm 
(0.0075 inch) diameter tantalum (Ta) wire wrapped tight- 

'0 ly around the struts. 

[01 1 7] The number, location, and size of the markers 
may vary, and the markers may be used alone or in com- 
bination to Identify the position of a particular portion of 
the prosthesis. For example, a proximal marker adja- 

15 cent aperture 32 may be about 5 mm long and the prox- 
imal marker adjacent hole 33 may be about 2 mm long. 
Also, two distal markers may be one hundred eighty de- 
grees apart, and a proximal marker may be positioned 
equidistant from each of the distal markers. In this ex- 

20 emplary configuration, the proximal marker then aids 
proper rotational positioning of the device. 
[01 1 8] in connection with an extension prosthesis 1 60 
(Figure 16), it may be desirable to Include a certain 
number of markers 15, e.g., three, near the proximal end 

25 of the prosthesis, and a different number of markers, e. 
g., six, a short distance proximally from the first set of 
markers. Such a configuration Is an exemplary configu- 
ration of markers, which penmlts positioning the exten- 
sion prosthesis properly within the second prosthesis. 

30 

CONNECTORS 

[0119] Some exemplaiy embodiments of a prosthesis 
according to the present invention may include one or 
35 rnore connectors. In some exemplary embodiments of 
the invention, the connectors are used to engage orcon- 
nect one prosthesis or component to another. In some 
exemplary embodiments of the invention, the connec- 
tors may be used to attach the gasket material or graft 
40 material to a stent or lattice. 

IP120] As noted above, one skilled In the art will rec- 
ognize that a variety of materials and methodologies 
may be used to connect one prosthesis to another, or to 
attach the graft material to a stent. Exemplary connec- 
ts tors include but are not limited to sutures, staples, rivets, 
or the like. In preferred embodiments of the invention, 
the connector is a suture or staple, even more prefera- 
bly, having a knotted or nub end. Further, a connector 
may be formed from a radiopaque material or a fluores- 
50 cent material, each of which allow the connector to be 
used as a marker. 

[0121] In accordance with the present Im^ention, it 
may be desirable to incorporato in a prosthesis a con* 
nector adapted for use with a lattice-like stent. A first 
55 connector 54, an exemplary embodiment of which Is 
shown In Figures 5 and 9-11 , may be configured for use 
at an end portion of a stent, preferably at an end portion 
of a strut 44. A second connector 56. an exemplary em- 
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bodlment of which is shown in Figures 5 and 12-14, may 
be configurad for use at an internal portion of a stent, 
preferably at the junction between two struts 44.. 
[0122] Figure 9 shows a first connector or proxinf>al 
attachment connector 54 of a stent, such as stent 40. 
The connector may include a lab 82 having a first aper- 
ture 84 and a second aperture 86, and preferably includ- 
ing a notch 86 or the like at an end opposite the stmt. 
Tab 82 may be a separate element configured to engage 
a stent, or, as illustrated, may be formed of the junction 
of two struts 44a and 44b respectively. In the exemplary 
embodiment of the invention shown In Figures 9-1 1 , tab 
82 is configured to receive a staple 90 having a first leg 
94 and a second leg 96. First aperture 84 Is preferably 
configured to receive a tip portion of both first leg 94 and 
second leg 96 of staple 90. Second aperture 86 Is pref- 
erably configured to allow second leg 96 to pass there- 
through. In the exemplary embodiments of the invention 
that include a notch 85. a portion of first teg 94 opposite 
the tip engages or cradles in the notch 85. In use. sec- 
ond leg 96 passes through graft material 60, through the 
second aperture 86 of tab 82, and a tip portion of the 
second leg is bent Into first aperture 84. First leg 94 of 
staple 90 may be positioned on connector 54 by engag- 
ing notch 85. A tip portion of the first leg is bent into first 
aperture 84. In one exemplary embodiment of the inven- 
tion, the tip portion of the first and second legs engages 
and preferably penetrates graft 60. In another exempla- 
ry embodiment of the Invention the tip portion of the first 
and second legs engages but does not penetrate the 
graft 60, 

[0123] The structures and functions of the second 
connector56 are similar orthesame as those described 
above for the first cdnnector However, in a second con- 
nector configuration; the tab also includes a third aper- 
ture 112. preferably configured to allow the first leg 124 
of staple 120 to pass therethrough. In use, first leg 124 
and second leg 126 pass through graft material 60, first 
leg 124 passes through third aperture 112 and second 
teg 126 passes through second ^erture 116, and a tip 
portion of each of the first and second legs are bent Into 
first aperture 114. tn one exemplaiy en:ibodirnent of the 
invention, the tip portion of the f^st and second tegs en- 
gages and preferably penetrates graft 60. In another ex- 
emplary embodiment of the invention, the tip portion of 
the first and second legs engages but does not pene- 
trate the graft 60. 

[0124] In accordance with prefen-ed embodiments of 
the invention, a prosthesis may be matingly engaged to 
another prosthesis using a connector having a nub or 
spherical end. Exemplary connectors for this aspect of 
the invention include but are not limited to a rivet, staple, 
suture, or combinations thereof. An exenr^lary connec- 
tor assembly for this embodiment of the Invention is 
shown in Figures 17a and 17b. 
[01 25) Figure 1 7a is an exemplary distal connector on 
the stent 40 of second prosthesis 11a, b, as illustrated 
in Rgures 4 and 5, end an exemplary proximal connec- 



tor on the stent 40 of third prosthesis 1 60. The connector 
55 Is preferably fonrted from a tab 82 or the like at the 
junction of two stmts, 44a and 44b. Tab 82 includes an 
aperture 87 near the end 88 of the tab opposite the 
s struts, the aperture being configured to receive a rivet, 
suture or staple, or the like. 

[0126] Figure 17b shows the mating engagement of 
the second prosthesis 11a. b and the third prosthesis 
160. As illustrated, second prosthesis 11a, b includes a 
distal end 88a having a graft material 60a covering an 
exterior surface of stent 40a. The third prosthesis 160 
includes a proximal end 8&b having a graft material 60b 
covering an exterior surface of stent 40b. After ends 88a 
and 8db are aligned, a portion of suture or staple 90 or 

'5 the like is passed through aperture 87, In the illustrated 
embodiment, suture or staple 90 includes a crown 92 
that bridges an exterior surface of prosthesis 11 a, b and 
prosthesis 160. The suture or staple 90 Includes a first 
leg 94 that passes through aperture 87a and a second 

^ (eg 96 that passes through aperture 87b. Once the su- 
ture and prostheses are aligned and in place, the tip of 
first leg 94 and second leg 96, distal from the crown 92, 
and positioned on an exterior surface of stents 40a and 
40b, may be configured Into a nub or spherical element 

^5 170a and 170b. It should be evident to one skilled in the 
art that the nub should be of a larger diameter than the 
diameter of the aperture, tn a prefaced embodiment of 
the Invention, nubs 170a and 170b may be fomned by 
melting the respective tips. 

^0 [01 27] The invention also includes an alternate exem- 
plary embodiment for connecting the second prosthesis 
with the third prosthesis. In this alternate exemplary em- 
bodiment (not illustrated), apertures 87a and 87b are 
aligned and a rivet having two tips is passed through the 

^5 aligned apertures. Each tip may then be configured into 
a nub or the like, as described above. In this exemplary 
embodiment of the invention, second prosthesis is mat- 
ingly engaged to a third prosthesis using one or more 
rivets that are bart>ell shaped once the nubs are fonrsed.. 

40 [01 28] The number of connectors and staples are typ- 
ically dictated by lha size and structure of a particular 
stent; it is intended that the invention should not be lim- 
ited thereby. The illustrated embodiments show six first 
connectors and three second connectors. 

45 [0 1 29] The above staple aperture design or connector 
assembly has many advantages for attaching gasket 
material or a graft material to a stent Because the legs 
of the staple are folded around and imbedded within a 
pocket or the like, any risk of puncturing an inflation bal- 

50 loon is minimized. In addition, the structural integrity of 
the prosthesis Is increased because staples more se- 
curely attach the graft material to the stent, as compared 
to prior art designs which use sutures or adhesives to 
attach the graft to the stent.. 

55 [0130] Staples 90 and 120 can be made from any 
number of materials known in the art, including tantalum 
alloys, platinum alloys or stainless steel, such as a grade 
^f type 31 6 stainless steel. The staples may take on oth- 
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er configurations and shapes, and can be coated for lu- 
bricity purposes, wear resistance and for the prevention 
of corrosion. Essentially, the coating may be used for 
increased durability. The staples may be formed from a 
radiopaque material to identify the location of the staple, 
and to act as a marker to identify the locatbn of a portion 
of the prosthesis. Using a different number of radio- 
paque staples on a distal end of a stent as compared to 
a proximal end further assists in identilyir^ the position 
of the prosthesis. 

METHODS 

[0131 ] A method for use with the device of the present 
invention includes delivering and positioning a first pros- 
thesis In a fluid conduit, such as an aorta, in prefenred 
embodiments of the Invention, the first prosthesis is a 
stent gasket, even more preferably, a stent gasket that 
expands automatically against the wall of the artery. As 
the stent gasket expands, proximal longitudinal legs al- 
low the stent gasket diamond rings to expand, thereby 
anchoring the stent in place. The method also includes 
delivering and positioning at least one second prosthe- 
sis. In preferred embodiments of the invention, the sec- 
ond prosthesis is a bypass conduit for extending through 
an aneuiysm. The second prosthesis is typically posi- 
tioned wUhin the first prosthesis, preferably into and 
through a hole In the first prosthesis cover. In most pre- 
ferred embodiments of the invention, the hole is slightly 
smaller in diameter than the expanded diameter of the 
second prosthesis, thus sealingly engaging the second 
prosthesis In the first prosthesis. The sealed conRgura- 
tion of the second prosthesis within the first prosthesis 
forms a fluid pathway through the assembly or system, 
thereby bypassing the aneurysm.. 
{01 32] A method according to the present invention 
further includes delivering a third prosthesis to the site 
of the aneurysm, and positioning the third prosthesis in 
mating engagement with the second prosthesis. In pre- 
ferred embodiments of die Invention, positioning the 
third prosthesis In mating engagement with the second 
prosthesis establishes a fluid flow path that bypasses 
the aneurysm. 

[0133] Figures 1, 7. and 15 generally show how the 
system of the present invention may be deployed in v/vo. 
One skilled in the art will readily recognize that a typical 
delivery device 130, such as a catheter, includes a 
guidewire or the like that passes through an aperture in 
the cover 31 of the first prosthesis, and a collar or the 
like that reteasably engages at least one anchor on the 
prosthesis. Once the anchors are released from the col- 
lar, the first prosthesis can expand, preferably automat- 
ically The portion of the delivery device containing the 
collar can then be removed from the artery, typically 
leaving the guidewire in place, i.e., stilt positioned In an 
aperture of the first prosthesis cover. The guidewire may 
then be used to guMe a second prosthesis Into position 
within the first prosthesis.. 



[0134] In some exemplary embodiments of the 
present invention, the collar of the delivery device, en- 
gaged to the prosthesis, may be positioned within a 
sheath or the like until the prosthesis Is delivered. In pre- 
5 ferred embodiments of the invention, a portion of the 
prosthesis may be partially deployed and/or positioned. 
Once it Is determined that the prosthesis is In its proper 
position, the collar may be pushed out of the sheath, 
thereby releasing the anchors from the collar. If the pres- 
to thesis Is a self-expanding prosthesis, release of the 
flanges will allow the prosthesis to deploy automatically. 
If the prosthesis is not self-expanding, a deflated balloon 
or the like nf)ay be delivered to the Interior of the pros- 
thesis using the guidewire. When the balloon is innated, 
IS it will expand the prosthesis into its fully deployed posi- 
tion, i.e., fully expanded radially. 
[0135] A method according to the present invention 
Includes providing a first prosthesis as described above, 
and delivering the first prosthesis to a site upstream of 
20 the aneurysm, and delivering and engaging a second 
prosthesis with the first prosthesis.. 
[0136] A method according to the present Invention 
includes providing an extension or third prosthesis as 
described above, delivering the extension or third pros- 
25 thesis to the site of the second prosthesis, aligning the 
extension or third prosthesis with the second prosthesis, 
and engaging the extension or third prosthesis with the 
second prosthesis. 

[01 37] In some exemplary embodiments of th e Inven- 

30 tion, it may be desirable to align the respective prosthe- 
ses by Incorporating a distinctive pattern of mari<ers or 
the like In each of the prostheses, and aligning a portion 
of the first pattern with a complemrentary portion on a 
second pattern. 

35 [0138] As is evident to one skilled in the art, precisely 
placing a component(5) of the system may be critical. 
The physk;ian must have precise placement of the com- 
ponents to ensure adequate repair of the aneurysm. The 
present invention allows the physician to neariy fully de- 

40 ploy a component within the body without fully releasing 
the entire component from the delivery device. The an- 
chors releasably Interlock with complementary struc- 
tures, such as grooves, on the delivery device, and. If 
the physician decides that the placement of the compo- 
nent is incorrect, the outer member of the delivery de- 
vice maybe moved relative to an inner member, thereby 
resulting in the prosthesis being retrieved or retracted 
within the delivery device. The extended legs and an- 
chors allow the physician to temporarily position the 

so prosthesis t>efore full deployment. Once the physbian 
is satisfied Vi^ith a prosthesis' position, the prosthesis 
may be released fmm its engagement with the delivery 
device. 

[0139] In preferred embodiments of the Invention, the 
55 system Is used to bypass an abdominal aortic aneurysm 
(AAA). A method for treating or bypassing an AAA in- 
cludes 'delivering, preferably percutaneously, a first 
prosthesis or precursor stent, or one of Its components 
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(e.g., the gasket member may be delivered separately, 
if d€Slred). The components of the system are typically 
delivered through one or more of the common femoral 
arteries and deployed within the infrarenal neck, be- 
tween an abdominal aortic aneurysm and the renal ar- 
terles of a patient. Once the first prosthesis is properly 
positioned or re-positioned, the tegs and anchors are ful- 
ly released from the delivery device. The delivery device 
for the precursor stent may then be removed, without 
removing the guldev/ire, and another guidewire may be 
inserted through the other femoral artery and into first 
prosthesis. If the second guidewire Is on the wrong side 
of the interior of first prosthesis, it will contact the ocdu- 
eive member and be prevented from easily advancirig. 
The physician may then properly reposition the 
guidewire throtjgh hole 32.. 
[01 40] Thereafter each delivery apparatus, each con- 
taining a sheathed second prosthesis, is inserted into 
common femoral arteries by sliding them over the 
guidewlres; each of the two secorKi prostheses are then 
positioned in the first prosthesis. Thereafter, the second 
prostheses nnay be either separately or simultaneously 
deployed. 

[01 41 ] After proper delivery, stent gasket 1 0 and pros- 
theses 11a and lib should appear as they do in Figure 
1 . First prosthesis 10 along with its attached gasket ma- 
terial 30 is tinnly secured within the Infrarenal neck 1 01 . 
The outward force of the second prostheses 11a. b on 
the stent gasket 10 help to secure the device within the 
body. The distal ends of the second prosthesis are firmly 
attached to the common iliac arteries 1 and 2. Thereafter 
blood will flow from the abdominal aorta through an ex- 
emplary system of the present invention comprising a 
first prosthesis and two second prostheses 1 1 a and 1 1 b, 
and into iliac arteries 1 and 2, thereby bypassing the 
aneurysmal sac 100.. 

[0142] One ormore third prostheses may then be con- 
nected to the second prosthesis or prostheses. In some 
embodiments or the invention, the third prosthesis may 
be engaged to an upstream portion of the second pros- 
thesis, or the third prosthesis may be engaged to a 
downstream portion of the second prosthesis, or com- 
binations thereof. 

[0143] It is important to note that even though self- 
expanding stents are utilized, balloons may be utilized 
for tacking them into position if necessary. 



Claims 

1 . A system for bypassing an aneurysm comprising a 
bypass prosthesis for extending through a portion 
of an aneurysm; and an extension prosthesis en- 
gaged with said bypass prosthesis for extending 
through another portion of said aneurysm. 

2. The system of claim 1 wherein the bypass prosthe- 
sis comprises a stent having a graft material dis- 



posed on a surface of the stent, said stent defining 
a hollow tube having proximal and distal open ends, 
said distal end being configured to receive an ex- 
tension prosthesis or portion thereof. 

5 

3. The system of claim 1 wherein the extension pros- 
thesis comprises a stent having a graft material dis- 
posed on a surface of the stent, said stent defining 
a hollow lube having proximal and distal open en ds, 

10 said proximal end being configured to engage the 
bypass prosthesis or portion thereof. 

4. The system of claim 3 wherein the proximal end of 
the extension prosthesis comprises at least one 

IS open hoop. 

5. The system of claim 4 wherein the open hoop com- 
prises at least two struts that are unattached on the 
proximal end. 

20 

6. The system of claim 1 further comprising a sealing 
prosthesis configured to receive a proximal end of 
said bypass prosthesis. 

25 7» The system of claim 6 wherein said sealing pros- 
thesis comprises a stent having a gasket material 
disposed on a surface of the stent, said stent defin- 
ing a hollow tube having a distal open end and a 
covered proximal end, said proximal end ol said 

30 sealing prosthesis being configured to engage the 
proximal end of the bypass prosthesis or portion 
Uiereof. 

8. The system of claim 1 further comprising at least 
35 one connector for engaging the bypass prosthesis 

with the extension prosthesis. 

9. The system of claim 8 wherein said connector com- 
prises a leg having a knobbed tip. 

40 

1 0. The system of claim I further comprising at least one 
anchor positioned in a cfistal portion the extension 

prosthesis. 

45 11. The system of claim 1 further comprising at least 
one marker positioned in a distal portion of said by- 
pass prosthesis, and at least one mariner positioned 
In a proximal portion of said extension prosthesis. 

so 12. The system of claim 1 1 wherein the distal portion of 
the bypass prosthesis comprises at least two mark- 
ers, said markers fonnlng a distinctive pattern. 

13. Thesystem of claim 11 wherein the proximal portion 
S5 of the extension prosthesis comprises at least tv\ro 

markers, said markers forming a distinctive pattern. 

14. An extension prosthesis for partially bypassing an 
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aneurysm comprising a stent having a graft material 
disposed on a surface of the stent, said stent defin- 
ing a hollow tube having. proximal and distal open 
ends, said distal end comprising at least one anchor 
for positioning the distal end of the extension pros- s 
thesis downstrean) of said aneurysm. 

15. A connector assembly for attaching a first prosthe- 
sis to a second prosthesis comprising a connector 
body having at least one tip, said tip being deform- io 
able into a knob. 



16. The connector of claim 15 wherein the connector 
body is U-shaped and comprises at least two de- 
fom:iable tips. is 



17. A kit for bypassing an aneurysm comprising at least 
one of the foVowing: a sterile or steriiisable enclo- 
sure; a first prosthesis; a first prosthesis fn an Indi- 
vidual sterile enctosure; a second prosthesis; a sec- 20 
end prosthesis in an individual sterile enclosure; a 
third prosthesis; a third prostheses in an individual 
sterile enclosure; at least one suture; at least one 
staple; a collar or catheter tip assembly configured 
to engage and deliver a first prosthesis, a second ss 
prosthesis, and/or a third prosthesis; and at least 
one marker configured for placement on a first pros- 
thesis, a second prosthesis^ a third prosthesis, and/ 
or portions thereof. 
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FIG. 2 
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FIG. 8 
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FIG. 12 
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FIG. 17a 




FIG. 17b 
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